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Abstract: Erosion took a serious toll of prime topsoil from wheat fields in the Pacific 
Northwest United States since farming began in the 1870s. By the mid-1900s, it had become 
a serious environmental and economic threat to the region that produces world-record rain-
fed grain yields and almost 13% of the US wheat crop. Of significance is that 80% of the 
nation’s specialty soft white wheat is grown here for food grain, of which 90% is exported. To 
combat the severe erosion, wheat growers, the experiment stations, and the USDA in Idaho, 
Oregon, and Washington joined forces in 1975 to develop a multidisciplinary program named 
Solutions to Environmental and Economic Problems (STEEP). For more than 30 years, it has 
proved itself a national landmark in effective conservation farming research and education. 
The basic strategy was a systems approach that addressed all facets of farming from planting 
to harvesting in multi-year rotations. Its primary goal was to reduce soil erosion from the 
region’s 3.3 × 106 ha (8.2 × 106 ac), consisting of highly productive but considerably steep 
cropland. Through the successful development and implementation of improved conserva-
tion technology and farming systems by the tri-state STEEP effort, regional soil loss rates 
averaging 45 Mg ha–1 y–1 (20 tn ac–1 yr–1) were reduced over the 30 years to a tolerable 11 
Mg ha–1 y–1 (5 tn ac–1 yr–1) or less. In addition, financial returns to wheat growers using the 
conservation systems are equal or have increased, and long-term benefits to soil, water, and 
air quality have improved. A conservative estimate shows that the investment cost of saving 
soil and improving water quality was less than $0.50 ha–1 y–1 ($0.20 ac–1 yr–1) over the life of 
STEEP. Though STEEP can boast success, much more is needed to preserve and protect the 
Northwest environment, natural resources, and productivity to ensure that agriculture is fully 
sustainable for the future. Ongoing solutions are needed to resolve emerging issues relating to 
greenhouse gas emissions, carbon storage, energy costs, and other farm inputs that can affect 
agricultural health. Its proven success provides strong assurance that STEEP can deal with 
future challenges relating to changes in farm policy, economics, technology, and sociologi-
cal issues. This paper documents the extent that program goals were achieved and qualitative 
estimates of return from money invested.
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The US Pacific Northwest dryland farm-
ing region (locally referred to as the 
Inland Pacific Northwest) has long been 
the nation’s leading grower of soft white 
wheat as a food grain for domestic use 
and export. Other classes are produced to 
a more limited extent, and barley and pulses 
are important with annual cropping. Unlike 
the wheat belt in the Northern, Central, and 
Southern Plains that are dominated by a sum-
mer rainfall climate, the Inland Northwest 

climate is Mediterranean-like with cool, wet 
winters and warm, dry summers. Average 
annual precipitation ranges from 600 mm 
(23.5 in) on its eastern edge (Washington-
Idaho Panhandle border) to less than 150 mm 
(5.9 in) on the west, bordering the Columbia 
Basin and southern parts. Some 70% of the 
precipitation occurs during November 
through March. Precipitation occurs as low 
intensity rainfall (<2 to 3 mm h–1 [0.08 to 
0.12 in hr–1] and 20 to 30 mm [0.8 to 1.2 

in] per event) with about one-sixth falling as 
snow. Soils seldom freeze more than 30 cm 
(11.8 in) deep, and thawing with rain and/
or snowmelt may occur several times each  
winter. Soil depth ranges from less than 1 m 
(3.2 ft) to more than 7 m (23 ft) in the dry 
zones and up to 50 m (164 ft) where precipi-
tation is higher. Soils are predominantly loess 
and are classified as Mollisols where the aver-
age annual precipitation exceeds 230 mm  
(9 in) and as Aridisols with some Entisols in 
the drier parts. Much of the topography is 
steep, with slopes of 30% being common and 
some up to 45% being farmed. The steep-
est slopes occur in the high and intermediate 
precipitation zones where annual cropping 
prevails and the landscape changes to gen-
tly rolling in the drier parts where summer  
fallow is practiced.

The Palouse croplands, noted for their 
world record wheat yields, have experienced 
some of the highest erosion rates in the 
United States since farming began there in 
the 1870s. Annual losses amounted to mil-
lions of Mg of soil annually. Historical annual 
erosion rates were estimated at 22 to 67 Mg 
ha–1 y–1 (10 to 30 tn ac–1 yr–1) (approximately 
3 mm [0.125 in] of topsoil) with conven-
tional farming practices (USDA 1978). By 
some estimates, this is equivalent to 25 Mg 
of topsoil eroded for each Mg of wheat  
produced (0.75 tn of soil per bushel of 
wheat). Approximately a third of the eroded 
soil is washed into the region’s bodies of 
water, creating an incalculable ongoing envi-
ronmental cost.

Erosion is not just pollution; it is an accel-
erating process that has denuded untold 
hectares of topsoil and thus reduced the 
capacity of once-rich farmland to sustain 
economical production. The cause of erosion 
is a combination of (1) winter precipita-
tion climate with high potential for frozen 
soil runoff, (2) steep and irregular topogra-
phy (35% to 45% slopes) that does not lend 
itself to conventional structure or landscape 
modification to control erosion, and (3) a 
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predominant winter wheat cropping system 
that, with conventional farming practices, 
leaves the soil bare during the winter rainy 
season. Traditionally, two thirds of erosion 
occurs from fall-seeded wheat fields that for 
the most part lack protection over winter.

By the 1970s, it was clear to stakehold-
ers that wheat agriculture, the base of the 
farm economy in the region, was on a disas-
ter course, and major changes in farming 
practices were urgently needed to reduce 
erosion and water pollution. There was a 
growing consensus that the three states 
must combine resources and generate a 
multidisciplinary, regional research effort to 
develop new strategies for erosion control. 
Solutions to Environmental and Economic 
Problems (STEEP), constructed as a spe-
cial grant request guided by input from  
growers, researchers, extension specialists, 
and conservationists from the three states, 
was considered the best approach to solve 
these existing broad environmental and  
economic problems.

The program was launched in 1975 with 
a mandate to establish a cooperative effort 
between the state agricultural experiment 
stations of Idaho, Oregon, and Washington 
and the USDA Agricultural Research 
Service to develop new approaches to con-
trol erosion and water quality degradation. 
While focused mainly on the wettest zone 
(often referred to as the Palouse) averaging 
450 to 600 mm (18 to 24 in) average annual 
precipitation, the studies encompassed an 
area of some 3.4 × 106 ha (8.3 × 106 ac) of 
prime wheatlands, including low (<300 mm  
[<12 in]) and intermediate (300 to 450 mm 
[12 to 18 in]) average annual precipitation 
zones in the three states. The objectives were 
to develop economically feasible conserva-
tion cropping systems based on principles 
of soil surface and crop residue management 
and to assist growers with adopting these 
new approaches to control erosion on their 
farms (Oldenstadt et al. 1982).

The core strategy was to shift away from 
the conventional moldboard plow–based till-
age to reduced-tillage (conservation-tillage) 
and no-till methods. Historically, moldboard 
plowing was the primary operation to man-
age heavy residues from wheat crops, control 
weeds and prepare seedbeds. Plow-based 
tillage was acknowledged to be the root of 
the erosion problem because it buried most 
cover from the land that would otherwise be 
effective for slowing runoff and soil loss.

However, changing from the well-estab-
lished moldboard plow and intensive tillage 
system to conservation systems involved step-
ping into a host of unknowns with risks that 
could cause financial disaster to the farm-
ers if they increased costs and/or decreased 
crop yields. A change of this magnitude 
would require new approaches for crop 
residue management, crops and rotations, 
sowing methods, pest control, and fertility 
management. Economic viability and social 
impacts of the new farming systems had to 
be considered.

Since inception, the STEEP program 
received approximately $15 × 106 in US 
government grants to the state experiment 
stations and supplemental funding to USDA 
Agricultural Research units in the Northwest 
states. However, a unique feature of the  
special grant model was its power to attract 
and divert additional resources from the  
universities towards high priority research. 
As a result, the amount available for STEEP 
research and education was, by conserva-
tive estimate, at least double that allocated in 
direct federal support.

Completing thirty years of the STEEP 
program offers an opportunity to assess 
the accomplishments and effectiveness of a 
notable conservation research effort. If the 
program was indeed successful, there should 
be linkages of its accomplishments with 
reduced soil erosion, improved soil, water 
and air quality, enhanced farm profitabil-
ity, and economic stability. The objective of 
this assessment was to document the major 
research results, applications, and impacts in 
achieving target goals.

Materials and Methods
Assessing the benefits of agricultural 
research and education is an indirect sci-
ence, not easily accomplished by any spe-
cific procedure. The reasons are multiple: 
single research project results are not often 
directly related to broader cropping sys-
tems complexes; research accomplishments 
come about in small steps, often with 
negative findings; and the research benefits 
frequently accrue years after the result. The 
willingness to learn from failures as well 
as successes is a key component of effec-
tive agricultural research for development. 
Impact assessments and evaluations must 
recognize that “failure” may actually rep-
resent “work in progress” (Morris et al. 
2003).

Most procedures to conduct a research 
assessment have been developed by econo-
mists and involve multiple methods of 
econometrics. However, these methods read-
ily acknowledge the lack of economic values 
available for many agricultural impacts and 
in particular those with long-term effects 
on the natural resources where economics 
becomes general and intractable. In this case, 
other related parameters and data such as sus-
tained production and reduced degradation 
of the soil become the indicators of choice to 
document changes and improvements.

Several surveys were conducted by STEEP 
projects that provided perspectives on grower 
attitudes and behavior regarding aspects of 
conservation farming (Carlson and Dillman 
1999; Forté-Gardner et al. 2004). These also 
served as predictors of relative changes in the 
use of conservation practices. In addition, 
there was significant credible knowledge 
from regional farmers and conservationists to 
document changes in farming practices that 
occurred during the past 30 years to establish 
linkages with STEEP accomplishments.

The following sources of information were 
used to document the accomplishments and 
impacts of the STEEP program:

Research and education accomplish-
ments—Major documentation of the 
research accomplishments were readily avail-
able as published scientific papers, meeting 
proceedings, and extension reports.

• Interviews with wheat growers—Nine 
prominent regional growers were inter-
viewed to provide detailed information on 
changes in practices on their farm and others 
in their locality over the 30-year period of 
the STEEP effort.

Estimated erosion changes—The 
Revised Universal Soil Loss Equation 
Version 2 (RUSLE2) prediction model was 
applied to estimate erosion rates for repre-
sentative farming systems at the beginning, 
middle, and later part of the STEEP 30-year 
evaluation period.

Independent environmental assess-
ments—Published information from regional 
stream monitoring studies, pre-1970 trends 
in erosion, climate, and water quality were 
compared with those of recent times.

Research and Education Accomplishments. 
The large volume of focused and related 
research accomplishments reported over 
the course of the STEEP evaluation period 
make it impossible to more than highlight 
those most prominent. Other reports and 
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two major reviews of the program have been 
published (Elliott et al. 1987; Michalson et 
al. 1999). The following accomplishments 
were selected as most significant in advanc-
ing resource conservation, environmental 
protection, and farm production:

Fertilizer Applications. Early research 
on application methods established yield 
advantages and improved use efficiency 
in conservation tillage and no-till systems 
with fertilizer banded near the seed row as 
opposed to surface broadcasting. This led 
to the design of drill openers that simul-
taneously sow and place fertilizer in close 
proximity to one side or below the seed row. 
New and improved no-till openers focused 
on minimal soil disturbance, residue clear-
ance, reduced draft, uniform seeding depth, 
and a firm seedbed. Outcomes were a double 
furrow concept using a very narrow fertil-
izer opener positioned below a wider seed 
furrow to move dry soil aside; a low soil dis-
turbance, parabolic shank opener to place 
liquid or dry fertilizer apart from the seed 
with low power requirements and good 
residue clearance; a twisted shank opener to 
provide uniform seeding depth, improved 
seed germination, low soil disturbance, and 
reduced draft requirements; and introduction 
of the Cross-Slot opener from New Zealand 
with capability to sow through heavy residue 
and sod without plugging while maintaining 
uniform seeding depth and band fertilizer 
placement. Variations of these designs are 
incorporated into most no-till drill openers 
now in use (Baker and Saxton 2007; Hyde 
et al. 1987; Koehler et al. 1987; Payton et 
al. 1985; Peterson 1999; Wilkins et al. 1983; 
Veseth 1985).

Seeding Systems. The development of the 
shank and seed concept by STEEP was the 
forerunner of the two-pass reduced-till seed-
ing system for winter wheat widely used by 
Palouse growers since the 1990s. The first 
version, the Chisel-Planter, incorporated 
fertilizing and sowing in a single operation. 
The second version, the Chisel-plus-Drill 
two-pass system, consisted of a first pass with 
a chisel plow equipped with a fertilizer appli-
cator, followed by a second pass with a grain 
drill with double disk openers. This met the 
need for a low-cost seeding system that could 
be easily duplicated by growers using their 
own equipment. Several modified adapta-
tions to this system have been constructed 
by commercial firms and growers which 
follow the original concepts. In addition to 

eliminating tillage costs, the two-pass sys-
tem usually leaves the soil surface with 65%  
to 70% of the residue and moderate-sized 
clods that significantly reduce erosion 
(Peterson 1999).

Integrated Pest Management. An Integrated 
Pest Management (IPM) Project in collabo-
ration with STEEP pioneered development 
of a conservation no-till grain production 
system that successfully controlled weeds, 
satisfied conservation compliance, and was 
more profitable and less risky than the con-
ventional system. In the past, lack of weed 
control and residue management were major 
deterrents to adoption of conservation till-
age, especially in the intermediate and high 
precipitation areas. These problems led to 
reduced crop yields compared with estab-
lished intensive tillage methods. The success 
of the conservation production system is 
credited to its integration of a diverse crop 
rotation, limited tillage, and judicious use of 
herbicides for effective weed control. Profits 
increased, and risks decreased due to higher 
yields in dry years, equivalent yields in wet 
years, less damage to winter wheat in severe 
winters, and increased disease resistance to 
crops growing in high residue seedbeds. The 
USDA Natural Resources Conservation 
Service and Cooperative Extension relied 
on the outcomes of this research to develop 
farm plans for meeting conservation compli-
ance provisions in the 1985 and 1990 farm 
bills. The results were also used by the US 
Environmental Protection Agency to estab-
lish pesticide use guidelines on agricultural 
lands. By 1995, half of the Palouse growers 
were using some aspects of the STEEP-IPM 
production system on their farmss (F.L.Young 
et al. 1994, 1994, 1994, 1996; D.L. Young et 
al. 1994, 1999).

Rhizoctonia Disease Control. It was deter-
mined that volunteer cereal and weeds 
that establish growth in untilled soil 
between crops serve as a “green bridge” 
host for Rhizoctonia root rot, a serious 
fungal disease of spring wheat and barley. 
STEEP research showed that the severity 
of Rhizoctonia root rot was decreased and 
grain yield was increased by lengthening 
the time between glyphosate herbicide 
application and spring no-till seeding to 
allow for complete dying of the grow-
ing vegetation. Avoiding the “green 
bridge” markedly advanced progress 
with no-till seeding of spring wheat and  
barley (Smiley et al. 1992).

Wheat Disease Reduction. Risks with early 
fall planting to provide maximum vegeta-
tive ground cover over winter were reduced 
by development of soft white winter wheat 
varieties with increased resistance to stripe 
rust and some root diseases that have been 
major impediments to this proven erosion 
control practice (Allan and Peterson 1987).

Wheat Varieties. Early attempts with con-
servation tillage produced a range of wheat 
yields, almost all less than that achieved with 
conventional tillage systems. However, it was 
found that yields of wheat genotypes from 
no-till and conventional tilled systems were 
positively correlated. This showed that there 
was little or no difference in yield rankings 
of varietal performance and therefore no jus-
tification for conducting separate breeding 
programs for each tillage system (Allan and 
Peterson 1987).

Conservation Plans. The Revised Universal 
Soil Loss Equation (RUSLE) developed 
under STEEP with Northwest parameters 
served as a base tool for planning conserva-
tion practices region-wide and at the farm 
level. The model outputs from tillage and 
cropping practices were used by the USDA 
to establish guidelines to meet conserva-
tion compliance requirements in the 1985 
and 1990 farm bills. They were also used 
to aid farm planners and growers to design  
practices that would reduce water erosion 
and be economically viable (McCool and 
Busacca 1999).

Residue Decomposition. A crop residue man-
agement model (RESMAN) was developed 
to estimate the rate of surface and buried 
residue mass loss, based on precipitation, 
air temperature, and residue composition. 
Residue decomposition is a key factor in 
maintaining residue cover for erosion control 
under different tillage and cropping systems. 
The theory and equations from RESMAN 
have been incorporated into the USDA’s 
wind and water erosion models for national 
use (Stroo et al. 1989; Elliott et al. 1999).

Conservation Adoption. Research surveys 
conducted by STEEP in 1976, 1990, and 
2002 showed that an increase in the adop-
tion of erosion control practices was closely 
related to grower attitudes about conserva-
tion and erosion control and their income 
level. Absentee landlords were not an obstacle 
to acceptance and adoption of conserva-
tion practices on rented farmland; instead 
obstacles were mostly related to the risk, real 
and perceived, of the new technology itself 

C
opyright ©

 2009 Soil and W
ater C

onservation Society. A
ll rights reserved.

 
w

w
w

.sw
cs.org

 64(4):253-264 
Journal of Soil and W

ater C
onservation

http://www.swcs.org


256 journal of soil and water conservationjuly/august 2009—vol. 64, no. 4

such as no-till seeding. Kinship farming and 
individual grower capability were important 
positive factors in the adoption of ero-
sion control practices. Growers were more 
inclined to relate with peers or innovators 
to seek ideas to develop and adopt conserva-
tion technology than other communication 
processes. This suggests the importance to 
identify opinion leaders among growers and 
enhance their roles in the adoption process 
(Carlson and Dillman 1999; Forté-Gardner 
et al. 2004).

Extension and Education. The STEEP 
extension and education project played an 
extraordinary role to increase the awareness 
and adaptation of conservation technology 
through timely publications, conferences 
and workshops, on-farm testing, and field 
demonstrations and grower conservation 
organizations. STEEP used newsletters, pop-
ular articles, audiovisuals, and presentations 
at meetings and field activities to increase 
awareness. The STEEP Web site (http://
pnwsteep.wsu.edu/) is readily available to 
researchers and farmers and contains the 
STEEP Pacific Northwest Conservation Tillage 
Handbook series. On-farm testing and field 
demonstration programs brought growers 
and extension specialists/researchers together 
to evaluate the performance of new research 
findings or technologies on farm fields and 
thus aid and accelerate the adoption process. 
A major accomplishment of the educa-
tion program was the organization of the 
Pacific Northwest Direct Seed Association 
(PNDSA), a grower-based organization of 
some 300 members dedicated to increasing 
economical conservation tillage and no-till 
farming systems (Veseth 1989–2007; STEEP 
2008; Veseth and Wysocki 1999).

Spring Cereal Cropping. Cropping systems 
research in the low precipitation zone (<350 
mm [<14 in]) prone to wind erosion showed 
that spring wheat–chemical fallow rotation and 
annual no-till spring cereal cropping were gen-
erally less profitable than minimum-till winter 
wheat–fallow. These systems would otherwise 
essentially eliminate wind erosion in the dry-
farmed wheatlands. However, risks with 
precipitation variability make annual cropping 
less economical than the more erodible winter 
wheat–fallow cropping system. Minimum-till 
fallow was shown to reduce fine dust emis-
sions that cause health risks by 54% compared 
with clean till fallow and equal its profitability, 
but in some years may not achieve the residue 
requirement for adequate wind erosion con-

trol (Janosky et al. 2002; Juergens et al. 2004; 
Lee 1998; Papendick 2004 ; Thorne et al. 2003;  
Young 2001).

Undercutter Method of Dryland Farming. A 
minimum till, broad-sweep implement was 
developed and evaluated in collaboration 
with scientists of the Columbia Plateau PM10 
Project as an economical and effective sum-
mer fallow practice. The machine (locally 
called an “undercutter”) is used for primary 
spring tillage plus nitrogen fertilizer injec-
tion that causes little surface soil disturbance 
and leaves significant standing residue for 
excellent wind erosion control throughout 
the 13-month fallow period. No agronomic 
advantages were lost when switching from 
conventional tillage fallow to the “undercut-
ter” method. Due to recent higher energy 
and reduced herbicide costs, the undercutter 
method returns more profit to the grower 
than conventional fallow tillage methods, 
which are highly susceptible to wind erosion 
(Schillinger 2001; Zaikin et al. 2007).

Agricultural Policy. STEEP research had a 
significant impact on Agricultural policy and 
implementation for the Pacific Northwest. 
The 1985 farm bill played an important 
role in fostering soil conservation by link-
ing eligibility for commodity payments with 
incentives for erosion and water quality con-
trol. STEEP research results available from 
pre-1985 provided fundamental concepts 
for conservation practices that growers could 
readily adopt to meet the compliance provi-
sions of the farm bill. Aids for farm planning 
were field-tested conservation cropping sys-
tems, early fall planting, conservation-tillage 
or no-till seeding systems, and surface resi-
due management methods (Michalson 1999; 
Painter and Young 1993; Walker and Young 
1999).

Interviews with Wheat Growers. Nine 
regional growers were identified who had 
farmed throughout the life of STEEP, were 
innovative in their approaches to farming, 
and were also very observant of farming sys-
tems throughout their locales. Each farmer 
was interviewed carefully with a guideline 
of very general questions about the farming 
systems on his/her farm and neighbors farms 
during the study period.

Those interviewed included growers 
across average annual precipitation zones in 
Washington (four with >450 mm [17.7 in], 
two with 400 to 450 mm [15.7 to 17.7 in]), 
Oregon (one with 400 mm [15.7 in], one 
with 300 mm [11.8 in]) and Idaho (one with 

560 mm [22 in]). All had personal farming 
experience that transcended the past 30 years 
in the STEEP impact area. The interviews 
lasted two to three hours each. By consoli-
dating the management knowledge of their 
farms and others in their locality, it was pos-
sible to document the application trends of 
new technology, changes in practices, and 
expert opinion about soil erosion, water 
quality, and profitability. The growers identi-
fied changes in cropping systems, rotations, 
crop yields, tillage, use of farm equipment, 
and farm size. While the sampling was not 
rigorous, the trends that emerged were clear.

The major changes identified by the inter-
viewees can be summarized into two general 
categories: those that were influenced by or 
were directly the result of STEEP research 
and education and those that were the result 
of outside influences. The following sum-
mary lists the most pertinent perceptions 
and changes in farming systems identified 
by the growers. All were judged to have a 
direct linkage with STEEP accomplishments 
except the last three, which were largely 
caused by outside influences.

Moldboard Plowing. Use of the moldboard 
plow has significantly declined. Prior to the 
1980s, the plow was the primary tillage tool 
for residue management, weed control, and 
seedbed preparation. Its long-term detri-
mental effects damaged the natural structure 
of the soil and beneficial biological soil life, 
both of which made the soil more vulner-
able to erosion and accelerated organic 
matter oxidation. These detrimental effects 
contribute to the decline of quality soil and 
productivity that are difficult and costly to 
restore. In recent years, the plow has been 
replaced by less aggressive equipment such 
as chisel plows, sweeps, and field cultivators 
that conserve surface residues. Moreover, 
most tillage following legume crops has been 
eliminated and reduced by 80% to 90% after 
spring cereals and 40% after winter wheat.

Residue Burning. Burning of winter wheat 
stubble, and the practice of summer fallow 
have been significantly reduced. In the 1970s, 
nearly 50% of the cropland in the high pre-
cipitation zone was planted to winter wheat 
(in a two-year rotation with spring pea), 
and of this cropland, about one-third of the 
stubble was burned after harvest and before 
fall plowing. Winter wheat occupied about 
40% of the cropland area in 1990 and about 
a third in 2005. The standard rotation was 
winter wheat–spring cereal–spring legume. 
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Burning winter wheat stubble was reduced 
to 20% of the planted hectares in 1990 and to 
near zero by 2005. In the intermediate pre-
cipitation zone, some 50% of the cropland 
was planted to winter wheat in the 1970s, 
and 20% of the stubble was burned. By the 
1990s, winter wheat was planted on 40% of 
the cropland in this zone, and of this, only 
about 10% of the stubble was burned. The 
amount of stubble that was burned dropped 
to near zero in 2005. Burning stubble never 
has been a practice in the low precipitation 
areas because of low residue amounts.

Fallow Reduction. Approximately 13% of 
the cropland in the high precipitation zone 
was fallowed in the 1970s; this practice 
dropped to about 6% in the 1990s and to 
near zero in 2005. In the intermediate pre-
cipitation zone, cropland in fallow was about 
24% in the 1970s and 1990s, and about  
20% in 2005 but shifted from a tillage fallow 
to an increase in chemical fallow over the 
past 20 years. Fallow hectares remained about 
46% to 48% in the low precipitation zone 
over the past 30 years. However, there has 
been a significant increase in conservation-
tillage fallow in the past 15 years. Widespread 
use of glyphosate herbicide for weed  
control has advanced conservation efforts by 
replacing tillage.

Conservation Tillage. Conservation tillage 
has become a standard practice on most farms. 
During the 1970s, winter wheat planted after 
a pulse crop or spring cereals required four 
to five tillage operations, and a spring crop 
after winter wheat needed eight or more tills 
through the sowing operation. Today, most 
growers have reduced tillage passes before 
seeding by eliminating and/or combin-
ing operations. A two-pass system was used 
by many growers in the mid 1980s and has 
become popular with winter wheat seeding 
following a legume. A cultivator with shanks 
to band fertilizer on untilled ground is fol-
lowed by sowing with double-disk drills. By 
2005, many farmers had adapted this opera-
tion into a one pass system. Spring cereals 
following winter wheat fields are now often 
fall-chiseled, spring fertilized, and then seeded 
with a double disk drill—three operations 
compared with five or six with conventional 
farming. With conservation tillage, legume 
crops (pea, lentil, garbanzo beans) following 
winter wheat usually require only four or 
five operations compared to eight or ten with 
conventional farming. An increasing number 
of growers are now able to use a no-till seed-

ing system as soil tilth improves after several 
years of conservation tillage. Herbicide appli-
cations are extra operations in both the one 
and two pass systems, but these do not dis-
turb the soil or residues.

Longer Rotations. Most growers have 
shifted to longer crop rotations. Winter 
wheat–dry pea with intensive tillage was the 
dominant cropping system during the 1970s 
practiced on 90% of the farms in the Palouse. 
In the mid 1980s, many growers shifted to 
a conservation-tillage, three-year winter 
wheat–spring cereal–grain legume rotation 
(following results of the STEEP IPM study) 
or an even longer rotation, which reduces the  
frequency of winter wheat. Advantages of the 
longer rotation are improved and more eco-
nomical pest control, which along with the 
rotational effect results in higher yields and 
more stable farm income in the long-term. 
Longer rotations spread the workload during 
planting and harvesting, provide for timely 
farm operations, and reduce machinery and 
labor requirements.

Increased No-till. The use of no-till is 
increasing, and the trend will likely continue. 
New knowledge developed by scientific 
effort and grower innovations, along with 
education and improved implements have 
removed many of the early concerns and 
limitations of no-till. For example, elimina-
tion of the “green bridge” by early herbicide 
application for weed control enhanced the 
success of no-till by reducing root diseases 
that killed crop seedlings. Longer crop rota-
tions improved weed and disease control and 
required less use of herbicides with no-till. 
New and approved types of no-till drills 
have been developed, although adoption 
by growers is slow. The main factors limit-
ing adoption of no-till by growers appear to 
be lower and more variable yields with high 
surface residue farming, lack of knowledge, 
and change-over costs in shifting to no-till 
from conventional farming. Education along 
with technological improvements, reduced 
costs of equipment, and reduced fuel use will 
help to resolve these barriers.

Reduced Erosion. Soil erosion in the 
Palouse and surrounding areas has decreased 
during the past 30 years, especially in the past  
10 years, as adoption of conservation practices 
continues to increase. A significant observa-
tion was that county and state highway road 
ditches alongside farm fields do not trap as 
much sediment and require less frequent 
cleaning than in earlier times. More fields are 

covered with residue or have rougher sur-
faces as a result of limited or no tillage with 
winter wheat planting compared with clean 
tilled seedbeds of the 1970s when erosion 
was severe. Fields that are not sown to winter 
wheat are left rough-tilled or untilled over 
winter and do not erode as severely. Rills and 
gullies are less evident on increasing numbers 
of fields as a result of conservation tillage. 
The lack of rills and gullies is indicative of 
reduced erosion rates.

Excess Straw. Large amounts of straw from 
high winter wheat yields (commonly >6.7 
Mg ha–1 [>100 bu ac–1]) are an obstacle to 
the adoption of conservation practices. 
With current economics, most farm opera-
tions depend on high wheat yields to make 
an adequate profit. High yields result in 
high straw yields. With straw in excess of 
that necessary to protect the soil from ero-
sion (usually 30% ground cover), practicing 
conservation becomes difficult, for many 
growers. Mechanical removal of excess 
straw is costly without any financial return; 
burning is not a conservation option and is 
environmentally unsound. No-till seeding in 
high residue situations is limited to growers 
with financial means to invest in new and 
innovative sowing equipment. Grower con-
sensus is that residue management with high 
yielding wheat varieties is a continuing high 
priority research need.

Improved Soil Quality. Growers who have 
practiced continuous conservation tillage or 
no-till farming for several years consistently 
observed improvements in soil properties 
relating to tilth, cohesiveness, and organic 
matter accumulation: (1) topsoil was described 
as more mellow, which made placement of 
seed and fertilizer easier; (2) drainage was 
better and surfaces more firm, which allowed 
equipment on the field earlier in the spring;  
(3) more earthworms improved poros-
ity and aeration; and (4) runoff and erosion 
after heavy rains and snowmelt were signifi-
cantly less. As these soil properties became  
established, growers indicated that they  
were reluctant for any reason to change 
cultural methods back to intensive tillage. 
However, some have used tillage for severe 
weed problems.

Increased Yields. Plant breeding, improved 
genetics, and crop management have increased 
cereal yields but not of rotational crops such 
as grain legumes. Grower estimates indicate 
that winter wheat yields have increased an 
average of 40% compared with those 30 years 
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ago. The increase is attributed to improve-
ments through plant breeding and genetics, 
availability of more effective and selective 
herbicides for weed control, improved seed 
placement and fertilizer banding technol-
ogy, and improved water conservation with 
conservation tillage. Spring wheat yields have 
also increased to as high as 5.7 Mg ha–1 (85 bu 
ac‑1) today compared with 4.0 Mg ha–1 (60 bu 
ac–1) 30 years ago, much for the same reasons  
as winter wheat. Yields of grain legumes 
have remained stable. Yields in three- 
year rotations are higher than yields in  
continuous wheat.

Government Incentives. Government farm 
programs with incentives that promote 

conservation and environmental quality 
are attractive to growers, but because of 
under-funding, participation is too lim-
ited to have a significant regional impact 
to achieve soil and water quality objec-
tives. Growers consider the programs 
to have well-planned objectives and 
incentives to achieve stewardship goals. 
However, funding may be restricted to 
only a few areas in the region. This lim-
its eligibility and causes dissension among 
growers who are interested in stewardship 
but who do not qualify for conservation 
program benefits. Other programs that  
pay for environmental services are often in 
the same situation. Growers find general  

satisfaction with farm programs, such as 
EQIP, that reward them for implementing 
practices that provide environmental ben-
efits, provided that these practices do not 
cause a loss of net income.

Increased Farm Size. Farm size has increased, 
with 50% fewer operators today than in the 
1970s. Presently, most farms in the range of 
200 ha (500 ac) that were profitable in the 
1970s as full time operations have either 
gone out of business or increased in size. 
Farms in the range of 400 ha (1,000 ac) are 
now economically marginal, as their profit 
margins are small. To be sustainable, farm-
ers must increase efficiency by reducing 
operations and input costs, maintain high 

Table 1
Typical farming systems and crop yields in 1975, 1990, and 2005 for the high precipitation sites (500–560 mm).

Year	 System*	 Rotation†	 Use (percent)‡	 Yield (Mg ha–1)	 Tillage system§

1975	 H-1a	 WW–P–WW–P–WW–F	 60	 WW: 2.4	 CT: plow WW residue (no burn).
	 	 	 	 SB: 6.7	 Surface tillages: six for P, four
	 	 	 	 P: 4.5	 for WW. Includes deep chisel.

	 H-1b	 WW–P–WW–P–WW–F	 20	 	 CT: burn and plow WW residue. 
	 	 	 	 	 Surface tillages: six for P, four 
	 	 	 	 	 for WW. No deep chisel.

	 H-1c	 WW–SB–P	 20	 	 CT: burn and chisel WW residue,
	 	 	 	 	 plow barley residue. Surface
	 	 	 	 	 tillages: six for SB, six for P,
	 	 	 	 	 four WW. Includes deep chisel.

1990	 H-2a	 WW–SB–P–WW–SB–P–	 50	 WW: 2.7	 CT: Plow WW residue (no burn), plow 
	 	 WW–SB–F	 	 SW: 1.7	 SB residue. Surface tillages: six for
	 	 	 	 SB: 3.4	 SB, six for P, four for WW. Includes
	 	 	 	 P: 2.2	 deep chisel.

	 H-2b	 WW–SB–P	 35	 	 RT: Chisel WW residue, chisel SB 
	 	 	 	 	 residue. Surface tillages: five for SB,
	 	 	 	 	 six for P, four for WW.

	 H-2c	 WW–SB–WW–SW	 15	 	 RT: Burn and chisel WW residue. 
	 	 	 	 	 Surface tillages: five for SB/SW, 
	 	 	 	 	 four for WW.

2005	 H-3a	 WW–SB–P–WW–SW–P	 40	 WW: 3.4	 CT: Plow WW residue, chisel SB/SW
	 	 	 	 SW: 2.4	 residue. Surface tillages: four for SB/
	 	 	 	 SB: 4.5	 SW, five for P, four for WW.
	 	 	 	 P: 2.2

	 H-3b	 WW–SB–P–WW–SW–P	 50	 	 RT: Chisel WW residue, chisel SB/SW 
	 	 	 	 	 residue. Surface tillages: four for SB, 
	 	 	 	 	 three for P, one for WW (two-pass).

	 H-3c	 WW–SB–P–WW–SW–P	 10	 	 NT: Direct seed all crops with 	
	 	 	 	 	 intervening sprays, no surface tillage.
* Precipitation zone (H = high), period (1 = 1975, 2 = 1990, and 3 = 2005), and farming systems (a, b, and c).
† WW = winter wheat. P = pea. F = tilled fallow. SB = spring barley. SW = spring wheat.
‡ Percentage of area in rotation by regional farmers.
§ CT = conventional tillage. RT = reduced tillage. NT = no till.
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Table 2
Typical farming systems and crop yields in 1975, 1990, and 2005 for the intermediate precipitation sites (400–460 mm).

Year	 System*	 Rotation†	 Use (percent)‡	 Yield (Mg ha–1)	 Tillage system§

1975	 I-1a	 WW–P–WW–F	 80	 WW: 1.8	 CT: WW residue plowed (not burned) 
	 	 	 	 P: 1.6	 Surface tillages: four for P, four for 
	 	 	 	 	 WW, five for F.

	 I-1b	 WW–P	 10	 	 CT: WW residue burned and plowed. 
	 	 	 	 	 Surface tillages: four for P, four for 
	 	 	 	 	 WW.

	 I-1c	 WW–P–WW–F	 10	 	 CT: WW residue burned and plowed. 
	 	 	 	 	 Surface tillages: four for P, four for 
	 	 	 	 	 WW, five for F.

1990	 I-2a	 WW–P–WW–F	 20	 WW: 2.4	 CT: WW residue plowed (not burned). 
	 	 	 	 P: 1.8	 Surface tillages: four for P, four for
	 	 	 	 SB: 3.9	 WW, five for F.

	 I-2b	 WW–P–WW–F	 10	 	 CT WW residue burned and plowed. 
	 	 	 	 	 Surface tillages: four for P, four WW, 
	 	 	 	 	 five for F.

	 I-2c	 WW–SB–F	 50	 	 RT: Chisel WW residue, chisel SB 
	 	 	 	 	 residue. Surface tillages: three for SB, 
	 	 	 	 	 six for F.

	 I-2d	 WW–SB–P	 20	 	 RT: Chisel WW residue, chisel SB 
	 	 	 	 	 residue. Surface tillages: three for SB,
	 	 	 	 	 three for P, one for WW.

2005	 I-3a	 WW–SB–P	 30	 WW: 2.7	 RT: Chisel WW residue, chisel SB
	 	 	 	 L: 1.2	 residue. Surface tillages: three for SB,
	 	 	 	 P: 1.8	 two for P/L, one for WW.
	 	 	 	 SB: 4.5

	 I-3b	 WW–SB–F	 50	 	 RT: Chisel WW residue, chisel SB 
	 	 	 	 	 residue. Surface tillages: three for SB,
	 	 	 	 	 six for F.

	 I-3c	 WW–SB–CF	 10	 	 RT: Chisel WW residue. Surface 
	 	 	 	 	 tillages: three for SB, one for WW. 
	 	 	 	 	 Sprays: three for CF

	 I-3d	 WW–SB–L–WW–SB–P	 10	 	 NT: Direct seed. Sprays: one for WW 	
	 	 	 	 	 residue, two for SB residue, no spray 	
	 	 	 	 	 or till for P/L residue.
* Precipitation zone (I = intermediate), period (1 = 1975, 2 = 1990, and 3 = 2005), and farming systems (a, b, c, and d). 
† WW = winter wheat. P = pea. F = tilled fallow. SB = spring barley. L = lentil. CF = chemical fallow (no-till).
‡ Percentage of area in rotation by regional farmers.
§ CT = conventional tillage. RT = reduced tillage. NT = no till.

yields and volumes of those crops with the 
best prices, and participate in government 
farm programs. Opportunities to main-
tain or increase yields depend heavily on 
flow of new and improved technologies of 
crops and farm operations. Farms grow in 
size through purchase or lease of additional 
land or consolidation of kinship holdings. 
Conservation technologies have reduced 
the number of field operations to grow  

crops, thereby enabling an operator to farm 
more land. Most expect that farm size will 
continue to increase due to economic  
pressures and government programs that  
foster large operations.

Tractor Power. Horsepower has increased 
markedly on most farms since the 1970s. 
Tractor size has increased from the 37 to 112 
kW (50 to150 hp) common in the 1970s 
to 224 to 336 kW (300 to 450 hp) today. 

Most machines are equipped with rubber 
tires or tracks, although some still have metal 
tracks. Increased tractor power has made 
wide equipment possible, increased speeds, 
and combined operations that result in fewer 
field passes. The result is less labor per hectare. 
Increased tractor power has also made possible 
more timely operations, which are especially 
important on larger farms. Increased tractor 
power has facilitated conservation because 
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Table 3
Typical farming systems and crop yields in 1975, 1990, and 2005 for the low precipitation sites (305–356 mm).

Year	 System*	 Rotation†	 Use (percent)‡	 Yield (Mg ha–1)	 Tillage system§

1975	 L-1a	 WW–F	 75	 WW: 1.2	 CT: Disk WW residue. Surface tillages: 
	 	 	 	 	 six for F.

	 L-1b	 WW–SB–F	 25	 WW: 1.3	 CT: Disk WW residue, disk SB residue. 
	 	 	 	 SB: 2.2	 Surface tillages: six for SB, six for F.

1990	 L-2a	 WW–F	 75	 WW: 1.7	 CT: Disk WW residue. Surface tillages: 
	 	 	 	 SB: 2.2	 six for F.

	 L-2b	 WW–SB–F	 25	 	 CT: Disk WW residue, disk SB residue. 
	 	 	 	 	 Surface tillages: six for SB, six for F.

2005	 L-3a	 WW–F	 75	 WW: 1.8	 CT: Disk WW residue. Surface tillages: 
	 	 	 	 SB: 2.8	 six for F.

	 L-3b	 WW–SB–CF	 15	 	 RT: Sweep WW residue, disk SB 
	 	 	 	 	 residue. Surface tillages: three for SB,
	 	 	 	 	 one for F. Sprays: three for F.

	 L-3c	 WW–F	 10	 	 RT: Delayed tillage, sweep WW 	
	 	 	 	 	 residue. Surface tillages: two for F. 	
	 	 	 	 	 Sprays: two for WW residue.
*Precipitation zone (L = low), period (1 = 1975, 2 = 1990, and 3 = 2005), and farming systems (a, b, and c). 
† WW = winter wheat. F = tilled fallow. SB = spring barley. CF = chemical fallow (no-till).
‡ Percentage of area in rotation by regional farmers
§ CT = conventional tillage. RT = reduced tillage. 

of the higher power requirements necessary 
for one or two pass seeding systems to cover 
large farms.

Results and Discussion
Estimated Erosion Changes. The results of the 
STEEP program and farming system changes 
provide a basis to evaluate the environmen-
tal and economic impact of the research. The 
challenge is to integrate these facets of farm-
ing system changes to provide an estimate 
of expected environmental changes over the 
landscape. The most recent version (2007) 
of the Revised Universal Soil Loss Equation 
Version 2 (RUSLE2) was selected as a reli-
able method to evaluate STEEP impacts on 
water erosion prediction and soil quality 
indicators.

Dominant cropping and soil management 
practices were selected from the informa-
tion obtained from the grower interviews 
and were then supplemented by informa-
tion and experience of the regional USDA 
Natural Resources Conservation Service 
(NRCS) staff. Farming systems were iden-
tified that were representative of the three 
average annual precipitation zones (tables 
1, 2, and 3) for each of three years within 
the study period: 1975, 1990, and 2005. 
Typical rotations and farming operations 

are listed for each year and climatic zone. 
An estimate was made for the percentage 
of growers in the sample area which used 
each rotation (using farmer and NRCS 
personnel input) to provide a weighting 
factor to the conservation effect.

RUSLE2 was applied with soil and cli-
matic parameters for the Pacific Northwest 
conditions and the crops and tillage associated 
with each rotation and management system. 
Estimates were made of long term annual 
sheet and rill erosion, the soil conditioning 
index (SCI), and the soil tillage intensity rat-
ing (STIR). The abbreviated management 
practices listed under “farming operations” 
were sequenced as a system for each rotation 
in the RUSLE2 input files. Estimates were 
made for each year and rotation, while the 
base conditions of climate, soils, and topog-
raphy for each precipitation zone were held 
constant.

The SCI estimates the effects of manage-
ment on the status of soil organic matter. It 
approximates the soil organic matter balance 
as influenced by crop production, decom-
position, tillage, and erosion. A value of –1 
represents highly degrading organic matter, 0 
is neutral gain/loss, and +1 is very beneficial 
to organic matter gain.

The STIR evaluates the accumulative 
impact of soil disturbance by each tillage 
operation within the farming system. It is 
based on each tillage type, speed, depth, and 
area disturbed. This rating represents carbon 
loss, moisture depletion, and dust emission. 
A value of 200 indicates significant nega-
tive tillage impacts, 50 to 75 is significantly 
reduced tillage, and below 30 is a no-till pro-
duction system.

RUSLE2 estimates the management 
change effects for specific moisture zones 
(figure 1). These represent localized situ-
ations and should not be extrapolated  
or compared with results of watersheds 
or river basins where variables other than  
management affect average erosion rates and 
soil quality.

A dramatic reduction in estimated aver-
age annual erosion since 1975 is a result of 
decreased tillage, increased yields (providing 
more crop residue), and residue management 
(figure 1a). Erosion rates were reduced by 
one half in the high and intermediate pre-
cipitation zones by 1990, when conservation 
tillage was used on more than half of the 
land, compared with those in 1975 when 
conventional tillage dominated. The erosion 
rates were reduced by 75% when over half of 
the land on the high precipitation zone and 
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virtually all on the intermediate zone were in 
some form of conservation tillage. There was 
little change in the low precipitation zone 
between 1975 and 1990 in rotations and/or 
farming methods, but erosion rates were less 
by about 30% in 1990 and 50% in 2005 due 
to increased wheat yields (resulting in more 
crop residues) and increased use of conserva-
tion tillage.

Both the SCI and STIR indices show 
significant improvements as a result of man-
agement changes since 1975 (figures 1b and 
1c). The SCI improved 40% to 60% by 1990 
and 80% to 100% by 2005, when compared 
with 1975 values. These changes are an indi-
cator of a turn-around in the decline of soil 
organic matter that has long been associated 
with conventional farming. The STIR values 

changed very little in any of the precipitation 
zones between 1975 and 1990 but improved 
20% to 50% by 2005, when compared with 
values in 1975. These indexes indicate cred-
ible improvements in soil quality brought 
about by decreased tillage and increased use 
of conservation practices.

Independent Environmental Assessments. 
Several independent sources were avail-
able to show environmental changes during 
the evaluation period. While these data and 
analyses were performed for other purposes, 
their trends provide supplemental support to 
our assessment of research impacts.

A study in 2005 sought to answer the ques-
tion whether winter erosion in the higher 
precipitation areas had actually decreased 
since the early 1980s, and if so, whether the 

causative factors were related to differences 
in climate or land management from previ-
ous times (McCool and Roe 2005). Findings 
were based on analyses of data sets of win-
ter erosion obtained from monitoring sites 
within the Palouse River Basin during 1942 
to 1982 and predictions with the Universal 
Soil Loss Equation (Ebbert and Roe 1998). 
Climatic record analyses of years 1940 to 
1982 and 1983 to 2005 showed that freeze-
thaw effects and precipitation during the 
latter period slightly favored reduced erosion 
hazard. However, USDA progress records for 
1979 to 1994 indicate increased use of con-
servation practices in 1994 compared with 
1979, with a large reduction in estimated 
erosion in the Palouse River Basin (McCool 
and Roe 2005).

Figure 1
RUSLE2 estimates of (a) average annual soil erosion rates, (b) Soil Conditioning Index (SCI), and (c) and Soil Tillage Intensity (STIR) and their weight-
ed averages (horizontal bars) for typical farming systems during 1975, 1990, and 2005 in high, intermediate, and low precipitation zones. An erosion 
amount of 5 tn ac–1 yr–1 is considered tolerable for long-term sustainable farming. An SCI of –1 represents highly degrading organic matter, 0 is  
neutral gain/loss, and +1 is organic matter gain. A STIR index of 200 indicates significant negative tillage impacts, 50–75 indicates significantly re-
duced tillage, and below 30 is a no–till production system. Refer to tables 1–3 for farming system (a, b, c) details.
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In 1979, erosion control practices had 
been applied to <1% of the 8.1 × 105 ha 
(2 × 106 ac) of cropland in the Palouse 
River Basin. This increased to 21% by 
1994 (Ebbert and Roe 1998). Using the 
USLE, these practices were estimated to 
decrease erosion by about 1.5  million  
Mg y–1 (1.6 million tn yr–1), or by about 10% 
compared to the practices in the late 1970s. 
Conservation tillage, including no-till, was 
being applied on 31% of the cropland in 
1994 and accounted for nearly 70% of the 
reduction in erosion. Strip-cropping and 
divided slopes accounted for about 54% of 
the hectares under erosion control practices 
but only contributed to about 14% of the 
reduction in erosion. The 14% of the crop-
land in the USDA’s Conservation Reserve 
Program contributed 16% of the reduction 
in erosion (Ebbert and Roe 1998).

Erosion affects both soil productivity and 
water quality. It is estimated that about one 
third of the soil carried by runoff is discharged 
as sediment into streams and water bodies, 
where it becomes the primary pollutant. 
Figure 2 shows a 10-year relationship (1962–
1971) between sediment concentrations in 
the Palouse River with estimated annual soil 
erosion within its watershed. Concentrations 
of suspended sediment are usually highest 
during storms that produce large discharges, 
conditions which were more prevalent  
in 1962–1971 compared with 1993–1996 
(figure 3). These historical data compared 
with more recent measurements, show that 
the average sediment concentration (hori-
zontal bar in figure 3) in the Palouse River 
during 1993–1996 was one-half the average 
for the years 1962–1971, which further con-
firms that recent erosion rates are lower than 
in earlier years (Ebbert and Roe 1998).

Summary and Conclusions
The widespread shift to conservation crop-
ping systems and the estimated and observed 
reduction in soil erosion in Northwest 
wheatlands over the past three decades attest 
to the positive impact of STEEP accom-
plishments. These results were validated by  
the erosion/soil quality analysis, grower eval-
uations, and independent assessments of ero-
sion and water quality. The USDA progress 
records for 1979 and 1994 substantiate a 37% 
increase in hectares utilizing erosion control 
measures over these years.

Development of low-cost minimum till 
planting tools by STEEP scientists was the 

Figure 2
Soil erosion estimates from winter wheat and barley, correlated with suspended sediments 
yields from the Palouse River, 1962–1971 (ton per acre multiplied by 2.24 equals Megagram per 
hectare).
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forerunner to the two-pass seeding system 
for winter wheat adopted by most growers 
today. This technology utilized in combina-
tion with a diversified crop rotation, along 
with judicious weed management, produced 
conservation cropping systems with superior 
agronomic, economic, and environmen-
tal results compared with the traditional 
intensive tillage systems. Today a three-year 
winter wheat–spring cereal–spring legume 
sequence, with no-till following the legume 
and conservation tillage following the cereal, 
has largely replaced the conventional, highly 
erodible winter wheat–spring pea rotation. 
Growers confirm that use of moldboard 
plows and stubble burning has declined 
significantly and that conservation tillage is 
standard on most farms.

Wheat yields have increased over the past 
30 years due to improved varieties and water 
savings as a result of conservation farming. 
Growers note significant improvements in 
soil quality with no-till and conservation 
tillage in terms of tilth and organic matter 
accumulation. All of the interviewed growers 
claimed erosion had decreased significantly 
over the past 30 years but more so over the 
past decade as evidenced by lack of rills and 
gullies in fields and less sediment in road 
ditches and streams. Credit for reduction 
in erosion is given to STEEP, for making 
conservation technology available, and to 
government programs that favor implemen-
tation of conservation practices.

Calculations with the RUSLE2 water 
erosion prediction system for typical farm 

Note: Figure 2 is a facsimile from Ebbert and Roe 1998.
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Figure 3
Comparison of historical record (1962–1971) to the years (1993–1996) from the Palouse River 
at Hooper, Washington, showing a decrease in the average annual concentration of suspended 
sediment (tn ac–1 ft–1 multiplied by 0.7353 equals kg m–3). 

Note: Figure 3 is a Facsimile of Ebbert and Roe 1998.
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practices showed that erosion rates decreased 
from an average of 45 Mg ha–1 y–1 (20 tn 
ac–1 yr–1) in 1975 to 11 Mg ha–1 y–1 (5 tn ac–1 
yr–1) in 2005 on the high precipitation sites 
and from 27 Mg ha–1 y–1 (12 tn ac–1 yr–1) in  
1975 to 13 Mg ha–1 y–1 (6 tn ac–1 yr–1) in 
2005 on the intermediate precipitation sites. 
Erosion rates decreased from an average of 20 
Mg ha–1 y–1 (9 tn ac–1 yr–1) in 1975 to about 
10 Mg ha–1 y–1 (4.5 tn ac–1 yr–1) in 2005 on 
the low precipitation sites. Changes in soil 
quality indicators were positive and in line 
with the estimated decreases in erosion rates. 
A comparison of historical data with more 
recent measurements showed that the average 
sediment concentration in the Palouse River, 
which is the main drainage of the Palouse 
River Basin, during 1993–1996 was one-half 
the average for the years 1962–1971.

The conservation provisions of the  
1985 farm bill and the modifications that  
followed were an asset to STEEP goals. 
STEEP research and education contrib-
uted to the design of practices that enabled 
growers to achieve compliance for erosion 
reductions without financial hardship. With 
the aid of STEEP extension and education, 
growers gave more attention to environ-
mental and resource protection objectives, 
although government support funding has 
often been too limited to have the desired 
widespread impacts.

Although successful conservation farming 
systems have been developed and applied, 
both research and on-farm testing by  
growers will be needed to modify and adapt 
these to additional farming situations. For 
example, residues from high yielding wheat 
in the high precipitation zone poses limita-
tions for conservation farming, especially 
with no-till. Yields of subsequent crops are 
generally lower with high surface residues 
mainly from difficulties with planting and 
weed control. Less tillage is needed in the 
dry zones to conserve soil moisture along 
with surface residues that reduce wind  
erosion and dust emissions.

The federal investment in STEEP aver-
aged about $0.5 × 106 y–1 over the 30-year 
duration of the program. Significant addi-
tional funding was provided by the state’s 
experiment stations and by USDA federal 
base funds. A rational judgment is that for 
the three Northwest states, STEEP operated 
on a total budget of approximately $1 × 106 
annually, or $30 × 106 for 30 years. Using 
a conservative estimate that the benefits of 

STEEP extended to 2 × 106 ha (5 × 106 ac), 
the investment cost was $15 ha–1 ($6 ac–1) 
over 30 years, or $0.50 ha–1 y–1 ($0.20 ac–1 
yr–1). The investment is a trifle compared to 
the returns from saving and improving the 
quality of nonrenewable topsoil, soil water 
conservation, improving water quality, and 
safeguarding the well-being of the farm 
economy in the Pacific Northwest.

Acknowledgements
The authors extend a special thanks to D. Roe and  
A. Swannack (USDA Natural Resources Conservation 
Service) for their assistance to develop the farming system 
trends and associated RUSLE2 analyses.

References
Allan, R.E., and C.J. Peterson. 1987. Winter wheat plant 

design to facilitate control of soil erosion. In STEEP—
Conservation Concepts and Accomplishments, ed.  
L.F. Elliott, R.J. Cook, M. Molnau, R.E. Witters, and 
D.L. Young, 225–245. Publication 662. Washington State 
University.

Baker, C.J., and K.E. Saxton, ed. 2007. No-tillage Seeding in 
Conservation Agriculture, 2nd Edition. Cambridge, MA: 
United Nations Food and Agriculture Organization, 
CAB International.

Carlson, J.E., and D.A. Dillman. 1999. The adoption of soil 
conservation practices in the Palouse. In Conservation 
Farming in the United States—The Methods and 
Accomplishments of the STEEP Program, ed. E.L. 
Michalson, R.I. Papendick, and J.E. Carlson, 157–171. 
Boca Raton, FL: CRC Press.

C
opyright ©

 2009 Soil and W
ater C

onservation Society. A
ll rights reserved.

 
w

w
w

.sw
cs.org

 64(4):253-264 
Journal of Soil and W

ater C
onservation

http://www.swcs.org


264 journal of soil and water conservationjuly/august 2009—vol. 64, no. 4

Ebbert, J.C., and R.D. Roe. 1998. Soil Erosion in the Palouse 
River Basin: Indications of Improvement. US Geological 
Survey Fact Sheet FS-069-98. http://wa.water.usgs.
gov/pubs/fs/fs069-98/.

Elliott, L.F., R.J. Cook, M. Molnau, R.E. Witters, and  
D.L. Young, ed. 1987. STEEP—Conservation Concepts 
and Accomplishments. Publication 662. Washington 
State University.

Elliott, L.F., D.E. Stott, C.L. Douglas, R.I. Papendick, G.S. 
Campbell, and H. Collins. 1999. In Conservation 
Farming in the United States—The Methods and 
Accomplishments of the STEEP Program, ed. E.L. 
Michalson, R.I. Papendick, and J.E. Carlson, 57–72. 
Boca Raton, FL: CRC Press.

Forté-Gardner, O., F.L. Young, D.A. Dillman, and M.S. Carroll. 
2004. Increasing the effectiveness of technology transfer 
for conservation cropping systems through research and 
field design. Renewable Agriculture and Food Systems 
19(4):199-209.

Hyde, G.M., D.E. Wilkins, K.E. Saxton, J.E. Hammel, 
G. Swanson, R.E. Hermanson, E.A. Dowding,  
J.B. Simpson, and C.L. Peterson. 1987. Reduced 
tillage seeding equipment. In STEEP—Conservation 
Concepts and Accomplishments, ed. L.F. Elliott,  
R.J. Cook, M. Molnau, R.E. Witters, and D.L. Young, 
41–56. Publication 662. Washington State University.

Janosky, J.S., D.L. Young, and W.F. Schillinger. 2002. 
Economics of conservation tillage in a wheat fallow 
rotation. Agronomy Journal 94(3):527–531.

Juergens, L.A., D.L. Young, W.F. Schillinger, and H.R. 
Hinman. 2004. Economics of alternative no-till spring 
crop rotations in Washington’s wheat-fallow region. 
Agronomy Journal 96(1):154–158.

Koehler, F.E., V.L. Cochran, and P.E. Rasmussen.1987. 
Fertilizer placement, nutrient flow, and crop response 
in conservation tillage. In STEEP—Conservation 
Concepts and Accomplishments, ed. L.F. Elliott,  
R.J. Cook, M. Molnau, R.E. Witters, and D.L. Young, 
57-65. Publication 662. Washington State University.

Lee, B.-H. 1998. Regional air quality modeling of PM10 due 
to windblown dust on the Columbia Plateau. Master’s 
thesis, Dept. of Civil and Environmental Engineering, 
Washington State University, Pullman.

McCool, D.K., and R.D. Roe. 2005. Long-term erosion trends 
on cropland in the Pacific Northwest. An American 
Society of Agricultural Engineering section meeting 
presentation: Paper number: PNW05-1002. St Joseph, 
MI: American Society of Agricultural Engineers.

McCool, D.K., and A.J. Busacca. 1999. Measuring and 
modeling soil erosion and erosion damages. In 
Conservation Farming in the United States—The 
Methods and Accomplishments of the STEEP Program, 
ed. E.L. Michalson, R.I. Papendick, and J.E. Carlson, 23-
56. Boca Raton, FL: CRC Press.

Michalson, E.L. 1999. A history of conservation research in 
the Pacific Northwest. In Conservation Farming in the 
United States––The Methods and Accomplishments 
of the STEEP Program, 1-10. Boca Raton, FL:  
CRC Press.

Michalson, E.L, R.I. Papendick, and J.E. Carlson, ed. 1999. 
Conservation Farming in the United States––The 
Methods and Accomplishments of the STEEP Program. 
Boca Raton, FL: CRC Press.

Morris, M., P. Pingali, H. Gregersen, and T. Kelly. 2003. 
Assessing the impact of agricultural research: An 
overview. Quarterly Journal of International Agriculture 
42(2):127-148.

Oldenstadt, D.L., R.E. Allan, G.W. Bruehl, D.A. Dillman, 
E.L. Michalson, R.I. Papendick, and D.J. Rydrych. 1982. 

Solutions to environmental and economic problems 
(STEEP). Science 217:904–909.

Painter, K.M., and D.L. Young. 1993. Social welfare impacts 
of sustainable farming technology and agricultural 
policy reform. Working paper. Agricultural Economics 
Dept., Washington State University.

Papendick, R.I. 2004. Farming with the Wind II. Wind 
Erosion and Air Quality Control on the Columbia 
Plateau and Columbia Basin. Special Report by the 
Columbia Plateau PM10 Project XB1042. Washington 
State University.

Payton, D.M., G.M. Hyde, and J.B. Simpson. 1985. Equipment 
and methods for no-tillage wheat planting. Transactions 
of the American Society of Agricultural Engineers 
28(5):1419–1429.

Peterson, C.L. 1999. Development in equipment for 
conservation farming. In Conservation Farming in the 
United States—The Methods and Accomplishments of 
the STEEP Program, ed. E.L. Michalson, R.I. Papendick, 
and J.E. Carlson, 129-156. Boca Raton, FL: CRC Press.

Schillinger, W.F. 2001. Minimum and delayed conservation 
tillage for wheat-fallow farming. Soil Science Society of 
America Journal 65:1203–1209.

Smiley, R.W., A.G. Ogg, Jr., and R.J. Cook. 1991. Influence 
of glyphosate on Rhizoctonia root rot, growth, and yield 
of barley. Plant Disease 76:937–942.

Stroo, H.F., K.L. Bristow, L.F. Elliott, R.I. Papendick, and 
G.S. Campbell. 1989. Predicting rates of wheat residue 
decomposition. Soil Science Society of America Journal 
53:91–99.

Thorne, M.E., F.L. Young, W.L. Pan, R. Bafus, and J.R. 
Alldredge. 2003. No-till spring cereal cropping systems 
reduce wind erosion susceptibility in the wheat/fallow 
region of the Pacific Northwest. Journal of Soil and 
Water Conservation 58(5):250–257.

USDA. 1978. Palouse Co-operative River Basin Study. 
Economics, Statistics, and Cooperatives Service, Forest 
Service, and Soil Conservation Service. Washington, DC: 
US Department of Agriculture. http://pnwsteep.wsu.
edu/resourcelinks/Palouse_Basin_Study.pdf.

Veseth, R. 1985. Research grain drill opener designs for 
conservation tillage. Pacific Northwest Conservation 
Tillage Handbook Series. Chapter 2—Systems and 
equipment. STEEP Extension Conservation Farming 
Update. College of Agriculture, University of Idaho.

Veseth, R.J., and D.J. Wysocki. 1999. Transferring conservation 
farming technologies to growers. In Conservation 
Farming in the United States—The Methods and 
Accomplishments of the STEEP Program, ed. E.L. 
Michalson, R.I. Papendick, and J.E. Carlson, 213-224. 
Boca Raton, FL: CRC Press.

Veseth, R.J. 1989–2007. Pacific Northwest Conservation 
Tillage Handbook Series University of Idaho.

STEEP (Solutions to Environmental and Economic 
Problems). 2008. Advancing Sustainable Agriculture in 
the Pacific Northwest. Conservation Tillage Systems 
Information Resource. http://pnwsteep.wsu.edu/.

Walker, D.J., and D.L. Young. 1999. Conservation policy 
issues. In Conservation Farming in the United States—
The Methods and Accomplishments of the STEEP 
Program, ed. E.L. Michalson, R.I. Papendick, and J.E. 
Carlson, 193-211. Boca Raton, FL: CRC Press.

Wilkins, D.E., G.A. Muilenburg, R.R. Allmaras, and C.E. 
Johnson. 1983. Grain-drill opener effects on wheat 
emergence. Transactions of the American Society of 
Agricultural Engineers 26:651–660.

Young, D.L. 2001. Economics of wind erosion control. 2001 
Annual Report. Northwest Columbia Plateau Wind 
Erosion/Air Quality Project, 84–94. Washington, DC: 

Washington State University and the USDA Agricultural 
Research Service.

Young, D.L., T.J. Kwon, and F.L. Young. 1994. Profit and 
risk for integrated conservation farming systems in 
the Palouse. Journal of Soil and Water Conservation 
49(6):601–606.

Young, D.L., F.L. Young, J.E. Hammel, and R.J. Veseth. 
1999. A systems approach to conservation farming. 
In Conservation Farming in the United States—The 
Methods and Accomplishments of the STEEP Program, 
ed. E.L. Michalson, R.I. Papendick, and J.E. Carlson, 
173-191. Boca Raton, FL: CRC Press. 

Young, F.L., A.G. Ogg, Jr., C.M. Boerboom, J.R. Alldredge, 
and R.I. Papendick. 1994. Integration of weed 
management and tillage practices in spring dry pea 
production. Agronomy Journal 86:868–874.

Young, F.L., A.G. Ogg, Jr., and R.I. Papendick. 1994. Case 
studies of integrated/whole farm system designs: 
Field-scale replicated IPM trials. American Journal of 
Alternative Agriculture 9:52–56.

Young, F.L., A.G. Ogg, Jr., R.I. Papendick, D.C. Thill, and J.R. 
Alldredge. 1994. Tillage and weed management affects 
winter wheat yield in an integrated pest management 
system. Agronomy Journal 86:147–154. 

Young, F.L., A.G. Ogg, Jr., D.C. Thill, D.L. Young, and R.I. 
Papendick. 1996. Weed management for crop production 
in the Northwest wheat (Triticum aestivum) region. Weed 
Science 44:429–436.

Zaikin, A.A., D.L. Young, and W.F. Schillinger. 2007. Economic 
comparison of the undercutter and traditional tillage 
systems for winter wheat- summer fallow farming. 
WSU Working Paper Series 2007-15. http://www.
ses.wsu.edu/PDFFiles/WorkingPapers/WP_2007-15_
Undercutter.pdf.

C
opyright ©

 2009 Soil and W
ater C

onservation Society. A
ll rights reserved.

 
w

w
w

.sw
cs.org

 64(4):253-264 
Journal of Soil and W

ater C
onservation

http://www.swcs.org

